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The regulation of oscillatory LUNATIC FRINGE protein
activity during somitogenesis
Emily T. Shifley, Susan E. Cole
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Somitogenesis is the morphological hallmark of vertebrate
segmentation. Somites bud off the presomitic mesoderm (PSM)
in a sequential, periodic fashion that is regulated in part by a
segmentation clock. The Notch pathway plays an important
role in this clock and oscillatory Notch activation is seen in the
PSM during somitogenesis. Lunatic fringe (Lfng) encodes a
glycosyltransferase that modifies Notch, and both its mRNA
and protein levels cycle in the PSM, linking it to the
segmentation clock. In the cell, LFNG protein localizes to
the Golgi and modifies the Notch receptor. Unusually, it then
undergoes proteolytic cleavage and is released into the
extracellular space where it appears to be inactive. We
hypothesize that cyclic LFNG activity is regulated by this
cleavage/release from the Golgi, producing a short intracellular
half-life, consistent with the rapid oscillation of the clock. This
would represent a unique mechanism for the regulation of
Notch activity, allowing tight temporal and spatial modulation
of Notch signaling. To test this hypothesis, we have mutated
the LFNG protein to prevent or alter its cleavage and release
from the Golgi. We have demonstrated that LFNG can be
tethered in the Golgi, which we propose creates a hyperactive
LFNG with a long half-life in the cell. Targeted mutation has
been used to introduce these alterations into the endogenous
Lfng locus of ES cells and cell lines. This will allow us to
examine the effects of altered LFNG processing on oscillatory
Notch signaling, the segmentation clock and somitogenesis.
doi:10.1016/j.ydbio.2006.04.373
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Bmpr1a encodes the BMP type IA receptor for bone
morphogenetic proteins (BMPs), including 2 and 4. Here, we
use mosaic inactivation of Bmpr1a in the epiblast of the mouse
embryo (Bmpr-MORE embryos) to assess functions of the gene
in mesoderm development. Unlike Bmpr1a null embryos that
fail to gastrulate, Bmpr-MORE embryos initiate this process,
but the recruitment of prospective paraxial mesoderm cells to
the primitive streak is delayed. This delay causes a more
proximal distribution of cells with paraxial mesoderm character
within the primitive streak, resulting in a lateral expansion of
somitic mesoderm to form multiple columns. Inhibition of FGF
signaling restores the normal timing of recruitment of prospec-
tive paraxial mesoderm and partially rescues the development
of somites. This suggests that BMP and FGF signaling function
antagonistically during paraxial mesoderm development.
doi:10.1016/j.ydbio.2006.04.374
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The factors that promote neural identity and maintain BMP
inhibition during the transition from induction to neural
differentiation in the early embryo are largely unknown. We
have examined the role of the bi-functional geminin molecule in
neural induction and differentiation in the mouse embryo and ES
cells using shRNA and overexpression. Geminin is unique
because it both transcriptionally suppresses BMPs, while its C-
terminal domain controls DNA replication and axial patterning.
Geminin is not endogenously expressed in ES cells, but
expression is strongly induced by noggin and chordin. Geminin
is therefore ideally placed to both maintain BMP inhibition
required for neural induction and to control cell-cycle progres-
sion during neural differentiation. When shRNAs to geminin
were delivered to pregnant dams, resulting embryos were
characterized by expanded endodermal tissues (node and body
wall) and by characteristic midbrain defects and axis anomalies
when examined on E8.5. Parallel studies are being carried out in
human ES and mouse ES cells transfected with shRNAs and
using an inducible ES cell line to overexpress geminin. QRT-
PCR and immunohistochemistry analysis was carried out to
confirm knock-down and changes in gene expression of
positional markers in both targeted and control embryos and
cells. Studies are also in progress to analyze transgenic and null
embryos. Taken together, geminin appears to play a unique role
in controlling early neural differentiation and axis patterning
during development. NIH 039438.
doi:10.1016/j.ydbio.2006.04.375
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Neural tube defects continue to perplex the scientific
community. The developing neural tube requires gene
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